Neuroendocrine tumors (NETs) are a group of biologically and clinically heterogeneous neoplasms arising from the diffuse neuroendocrine system. In the last few years, advances in our understanding of the biology of these tumors have translated into an expansion of treatment options for patients with NETs. Current treatment modalities include somatostatin analogs (SSAs), radiolabeled SSAs, targeted agents, cytotoxic drugs and liver-directed therapies for the management of metastatic disease.
INTRODUCTION
Neuroendocrine tumors (NETs) are a heterogeneous group of malignancies arising in the diffuse neuroendocrine system and characterized by a relatively indolent rate of growth. They may secrete a variety of peptide hormones and biogenic amines, thus giving rise to diverse clinical syndromes including carcinoid syndrome [1] . Although previously regarded as rare, NETs represent the second most common digestive cancer by prevalence. The annual incidence in the Unites States ranges between 2 and 5 per 100 000 patients, and recent analyses have indicated a marked increase in the worldwide incidence rates over the past 3 decades, probably as a result of trends in imaging and improvement in diagnosis [2, 3] .
Remarkable progress has been made over the last few years in our understanding of the diverse biology, genetics and clinical course of NETs. The field has been transformed from one dominated by limited treatment options to one characterized by an increasing number of approved therapeutic agents and active clinical trials. Consequently, the challenge of navigating a complex therapeutic landscape and tailoring treatment based on individual patient needs has become imperative. Biological differences based on primary site, histologic grade, hormonal status, genetic and epigenetic background influence NET clinical presentation, prognosis and treatment response. As a result, NETs can no longer be viewed as a single disease entity, and treatment strategies must reflect this heterogeneity [4] .
At the same time, it is important to recognize that even biologically divergent NETs share many common treatment targets. For example, somatostatin receptors (SSTRs) are highly expressed by most well-differentiated NETs regardless of primary site or functional status. It is therefore not surprising that somatostatin analogs (SSAs) are active in the treatment of a broad spectrum of NETs [5] . Likewise, the mammalian target of rapamycin (mTOR) pathway is upregulated in a large percentage of NETs regardless of primary site, even though mutations in the mTOR pathway are observed almost exclusively in pancreatic NETs [6] . Indeed, recent clinical trials demonstrate that mTOR inhibition is an appropriate strategy for treatment of both pancreatic and nonpancreatic NETs [7,8 && ]. These examples illustrate the tension between 'splitters' and 'lumpers' in the design of clinical trials: 'splitters' advocating for trials tailored to specific clinicopathologic entities, and 'lumpers' supporting trials in heterogeneous populations. In this review, we summarize the various classifications of NETs, review the eligibility criteria of major systemic treatment trials and discuss whether results of trials can apply to broader populations of NET patients.
TAXONOMY OF NEUROENDOCRINE TUMORS
NETs arise from the malignant proliferation of neuroendocrine cells, many of which are located throughout the length of the gastroenteropancreatic (GEP) and bronchial tract. Up to 14 distinct types of neuroendocrine cells have been identified in the digestive tract and pancreas [9] , and this may partially account for NET heterogeneity.
Since their seminal classification by Williams and Sandler in 1963 [10] , NETs have been subdivided into foregut (bronchial, thymic, gastric and duodenal), midgut (jejunal, ileal and cecal) and hindgut (distal colic and rectal) tumors based on their embryonic derivation. Although hindgut and foregut NETs are rarely associated with a hormonal syndrome, metastatic midgut carcinoids often secrete serotonin and other vasoactive substances, giving rise to the carcinoid syndrome, primarily characterized by flushing, diarrhea and right-sided valvular heart disease. Anatomic site of origin of NETs also influences their malignant potential and rate of growth. In particular, NETs of the small intestine have a relatively high malignant potential but tend to progress rather indolently. Conversely, gastric and rectal NETs are often small, superficial tumors of low malignant potential, but can progress relatively rapidly in the metastatic setting [1] . Although historically perceived as similar entities, it is increasingly clear that pancreatic and nonpancreatic NETs have different biology, prognosis and respond differently to therapeutic agents. In large series single-institution studies, the 5-year survival rates for stage IV pancreatic and small intestinal NETs were 57 and 72%, respectively [11, 12] .
NETs can present as either hormonally functioning or nonfunctioning neoplasms, and the type and extent of hormone secretion has a profound impact on patients' clinical course. Pancreatic NETs (pNETs) can produce a variety of peptide hormones, including gastrin, insulin and glucagon, but most are nonfunctioning. Bronchial NETs are occasionally associated with hormonal syndromes such as ectopic Cushing syndrome and typical or atypical carcinoid syndromes [1, 13] .
Histologic grade and differentiation dictate the clinical behavior of NETs. Although grade refers to the proliferative activity of tumors, measured by Ki-67 index and/or mitotic rate, differentiation refers to the extent to which neoplastic cells resemble their normal counterpart. The most recent classification proposed by the WHO distinguishes between welldifferentiated (low-grade or intermediate-grade) and poorly differentiated (high-grade) tumors [14] . As summarized in Table 1 [11, 12] , survival rates radically differ between low-grade to intermediate-grade NETs and high-grade neuroendocrine carcinomas (NECs). Emerging evidence suggests that mixed grades can occur in well-differentiated NETs, and that well-differentiated tumors with high-grade component are genotypically different from poorly differentiated tumors [15 & ].
KEY POINTS
Initially developed for control of hormonal syndromes, SSAs such as octreotide and lanreotide have been recently proven to inhibit tumor growth in GEP-NETs.
Radiolabebeled SSAs have been formally evaluated in a randomized phase III trial and demonstrated efficacy in progressive midgut NETs.
Formerly approved in pancreatic NETs based on the results of the RADIANT-3 trial, everolimus has recently displayed antitumor activity in NETs of lung and gastrointestinal origin.
By inhibiting serotonin synthesis, telotristat etiprate is active in controlling diarrhea in patients with carcinoid syndrome not adequately controlled by SSAs.
Striking differences have been reported so far about the genetic underpinnings of well-differentiated and poorly differentiated NETs. Mutations of oncogenes or tumor suppressor genes typically implicated in the development of other solid tumors (such as TP53 or RB1) have been found in poorly differentiated NETs [16, 17] . In contrast, recurrent mutations of chromatin-remodeling genes have been identified in low-grade to intermediate-grade tumors. Mutations of covalent histone modifiers including MEN1, PSIP1, and SETD1B and members of the Polycomb complex have been observed in 40% of pulmonary carcinoids [18 & ]. In pNETs, mutations of the epigenetic regulators MEN1 and DAXX/ATRX have been described in 44 and 43% of tumors, respectively, whereas mutations of the mTOR pathway have been found in 14% of the specimens [19] . Small bowel NETs have been demonstrated to be mutationally quiet, with only 0.1 somatic single nucleotide variants per 10 5 nucleotides and recurrent mutations of the cyclin-dependent kinase inhibitor gene CDKN1B in roughly 8% of tumors [20] . Although in early stages, new integrated molecular classifications of NETs are in development [21,22 & ], and could possibly refine our management of these tumors by further dissecting them into molecularly and clinically homogeneous subgroups.
FROM THE EVIDENCE OF RECENT CLINICAL TRIALS TO THE FUTURE MANAGEMENT OF NEUROENDOCRINE TUMORS
In recent years, therapeutic options for metastatic NETs have considerably improved. The role of SSAs has expanded from treatment of the carcinoid syndrome to inhibition of tumor growth in a diverse population of SSTR expressing GEP-NETs. The serotonin synthesis inhibitor telotristat etiprate has shown significant clinical benefit in patients who had carcinoid syndrome not adequately controlled by SSAs. Radiolabeled SSAs have been formally evaluated in an international randomized trial and demonstrated an unprecedented reduction in the risk of disease progression or death in patients with midgut NETs. Indications for the mTOR inhibitor everolimus have broadened based on the evidence of its robust antitumor activity and acceptable tolerability profile across a wide spectrum of lung and GEP-NETs. Novel antiangiogenic agents have been tested in pNETs, with promising results. During the next few years, randomized clinical trials are expected to provide more clarity regarding the role of temozolomide-based chemotherapies in pNETs.
SYMPTOM CONTROL IN FUNCTIONING NEUROENDOCRINE TUMORS
The SSAs octreotide and lanreotide are the mainstay for the control of hormonal syndromes associated with NETs. The short-acting formulation of octreotide can be a subcutaneous injection 2-3 times per day. Octreotide long-acting repeatable (LAR) is typically administered at 20 or 30 mg as a monthly intramuscular injection. Prolonged-release lanreotide is given at 120 mg as a deep subcutaneous injection once every 4 weeks [5] . Octreotide and lanreotide appear to have comparable efficacy in terms of carcinoid syndrome control [23] . Escalation to above the standard dose of SSAs may result in improved control of hormone excess symptoms. In a retrospective study of 239 patients treated with octreotide LAR above 30 mg/28 days, improvement or resolution of flushing and/or diarrhea was observed in around 80% of patients [24] . A newer SSA, pasireotide, was developed with a particularly strong binding affinity to SSTR-1, SSTR-3 and SSTR-5 with the rationale that enhanced binding affinity would translate into improved clinical outcomes. However, recent results from a phase III trial failed to demonstrate improvement in symptom control in patients with refractory carcinoid syndrome compared with octreotide LAR [25] .
Telotristat etiparate is a novel drug that is designed to reduce serotonin secretion and palliate diarrhea associated with the carcinoid syndrome by inhibiting tryptophan hydroxylase, a step in the conversion of tryptophan into serotonin. On the basis of promising results from a phase II study [26] , telotristat was recently investigated in the doubleblind placebo-controlled phase III TELESTAR trial [27 && ]. This three-arm study randomized 135 patients with metastatic NETs and uncontrolled carcinoid syndrome (defined as 4 bowel movements per day) to telotristat 250 or 500 mg three times per day versus placebo over a 12-week period. All enrolled patients continued SSA treatment throughout the study. A significant reduction (P < 0.001) in the average number of daily bowel movements from baseline was seen after treatment with telotristat. In particular, patients receiving telotristat 250 and 500 mg experienced a 29 and 35% reduction of daily bowel movements, respectively. At week 12 of the study, urinary levels of 5-hydroxyindolacetic acid (5-HIAA) were significantly lower in patients on the telotristat arms rather than on placebo (P < 0.001). The side-effect profile appeared to be tolerable with mild nausea and depressed mood described as the most frequent treatmentemergent adverse events. There remain many questions regarding the optimal role of this drug in carcinoid syndrome management. Is telotristat preferred over conventional antidiarrheals such as imodium or diphenoxylate/atropine because it targets the underlying pathophysiology of diarrhea? Should it be used in patients with elevated serotonin levels whose diarrhea is well controlled in order to prevent carcinoid heart disease? If so, what levels of serotonin (or urine 5-HIAA) should trigger clinicians to consider introducing this drug? Hopefully, future clinical trials will address these questions.
CONTROL OF NEUROENDOCRINE TUMOR GROWTH

Somatostatin analogs
High-level evidence for the antitumor activity of SSAs has emerged only in recent years. The double-blind, placebo-controlled, phase III PROMID study [28] randomly assigned patients with midgut NETs to receive either octreotide or placebo, and reported a statistically and clinically significant improvement in median time to progression from 6 months on the placebo arm to 14.3 months on the experimental arm (hazard ratio: 0.34; P ¼ 0.000072). More recently, the double-blind, placebo-controlled, phase III CLARINET trial [29 && ] has expanded the role of SSAs in NETs. In this study, 204 patients with well-differentiated or moderately differentiated, SSTR-positive (as assessed by octreoscan), hormonally nonfunctioning GEP-NETs with Ki-67 index less than 10% were randomized to receive depot lanreotide 120 mg/4 weeks or placebo. A run-in phase of 3-6 months of observation was required to document progression status and, at the onset of randomization, 96% of patients had radiographically stable disease. After a median study drug exposure of 24 months, lanreotide was associated with a significant prolongation of progressionfree survival (PFS), with a median not reached in the experimental arm versus a median of 18 months in the placebo arm (hazard ratio: 0.47; P < 0.001). Cross-trial comparisons between the PROMID and CLARINET trials are hindered by different criteria for patient enrollment, criteria for tumor response assessment and baseline characteristics of the enrolled patient population, particularly regarding the pace of disease [5] . As a result, no specific recommendations can be drawn regarding the preferential use of octreotide or lanreotide in the daily clinical practice, and their superiority to a 'watch and wait' approach in patients with very slow growing disease is still debatable. There are currently no high-level data to evaluate the effect of SSAs in thoracic NETs. A prospective, randomized, international, phase III study of lanreotide in well-differentiated advanced lung NETs (SPINET) is expected to open in 2016 and will provide much-needed data in these patient populations. There are also no data on patients with tumors whose Ki-67 index exceeds 10%; however, it is highly likely that this class of drugs is active in patients with well-differentiated SSTR-positive tumors with higher grade disease. Current guidelines do not limit the use of SSAs to tumors with ki-67 index less than 10%.
As a result of their very mild toxicity profile and proven antiproliferative activity, SSAs are typically used as first-line agents in patients with metastatic well-differentiated tumors. Patients with very high burden of disease or tumor-related symptoms may require other first-line treatments, potentially in combination with SSAs. The question of continuation of SSAs beyond first line of therapy has not been addressed in a prospective clinical trial.
Radiolabeled somatostatin analogs
Peptide receptor radiotherapy (PRRT) with radiolabeled SSAs allows targeted delivery of radionuclides to SSTR-expressing tumor cells, and has been shown to be an effective treatment for patients with metastatic NETs. On the basis of promising retrospective and phase II data [30, 31] , the randomized phase III NETTER-1 trial [32 && ] has recently investigated 177 Lu-DOTATATE versus high-dose octreotide LAR (60 mg/month) in 230 patients with advanced, octreoscan-positive midgut NETs who progressed on standard dose octreotide LAR. After a median follow-up of nearly 18 months, the median PFS was not reached in the lutetium arm versus 8.4 months in the high-dose octreotide group, with a 79% reduction of the risk of death or progression in patients receiving PRRT (hazard ratio: 0.21; P < 0.0001). Among evaluable patients (n ¼ 201), PRRT and high-dose octreotide were associated with an overall response rate (ORR) of 18 and 3%, respectively (P < 0.0004). In a population of patients typically characterized by marked resistance to systemic therapy, response rates associated with 177 Lu-DOTATATE appear unprecedented, and unleash new potential applications of PRRT particularly in the neoadjuvant setting. Interim analysis of the NETTER-1 trial showed improved overall survival (OS) in the PRRT arm (P < 0.0186). This being an interim analysis of survival, the results did not meet the prespecified threshold for significance (P ¼ 0.001). More mature data are needed to draw reliable conclusions on the influence of PRRT on OS. 177 Lu-DOTATATE toxicities included cytopenias, which were generally mild and transient, and vomiting which was mostly attributable to the concurrently administered amino acid infusion. The proven activity of 177 Lu-DOTATATE in the NETTER-1 trial raises many questions regarding the range of indications for radiolabeled SSAs and their utilization in clinical practice. The NETTER-1 study population (advanced midgut NETs) was chosen for its homogeneity and lack of standard alternative treatment options in the second-line setting. However, abundant data demonstrate that the activity of radiolabeled SSAs is not confined, by any means, to midgut NETs. Indeed, single-arm studies show substantially higher radiographic response rates in pancreatic NETs [30] . Many guideline recommendations endorse the use of PRRT in SSTR-positive NETs, regardless of primary site [33, 34] , and it is debatable whether prospective randomized clinical studies will be required to expand the indication of radiolabeled SSAs beyond midgut NETs. Future studies will be helpful to identify the optimal line of therapy for radiolabeled SSAs as compared with everolimus, liver-directed therapies and other systemic treatment options.
Radiolabeled SSAs are the only treatment option in the NET field with a clear predictive biomarker: SSTR expression [35] . Single-arm studies have demonstrated increased response rates correlating with the degree of radiotracer uptake on SSTR scintigraphy. Future studies will be helpful to correlate response with SUV uptake on Ga-68-DOTATATE PET scan, a more sensitive SSTR imaging modality.
Everolimus
The mTOR inhibitor everolimus has been extensively studied in NETs. The phase III RADIANT-3 trial [7] randomly assigned 410 patients with lowgrade and intermediate-grade pNETs to treatment with everolimus or placebo. Median PFS was 11 months with everolimus compared with 4.6 months with placebo (hazard ratio: 0.35; P ¼ 0.001). On the basis of these results, everolimus was approved for the treatment of patients with advanced pNETs. The RADIANT-2 study [36] investigated everolimus and octreotide versus placebo and octreotide in patients with hormonally functioning carcinoid tumors. Although the study demonstrated statistically significant improvement in PFS on local radiographic review, the PFS benefit fell just short of statistical significance (P ¼ 0.026) on central radiologic review which was the primary endpoint. Discrepancies between local and central radiology results led to loss of progression events, and consequently to loss of statistical power. More recently, the randomized, double-blind, placebo-controlled, phase III RADI-ANT-4 trial [8 && ] compared everolimus versus placebo in 302 patients with advanced, progressive, well-differentiated, nonfunctioning NETs of lung and gastrointestinal origin. This study required central radiologic confirmation of progression prior to patient withdrawal from study, did not permit concurrent use of octreotide and allowed no crossover. Unlike the RADIANT-2 study, the RADIANT-4 study demonstrated an unequivocal statistically significant improvement in PFS, which increased from 3.9 months on the placebo arm to 11 months on the everolimus arm, with a 52% reduction in the estimated risk of death or progression (hazard ratio: 0.48; P ¼ 0.00001). Subset analysis has demonstrated benefit across multiple subgroups including gastrointestinal and lung primary sites.
Although the RADIANT-4 study only enrolled patients with 'nonfunctioning' NETs, it is very doubtful that the activity of everolimus is confined to gastrointestinal and lung NETs that are hormonally silent. The failure of the RADIANT-2 trial to prove the activity of everolimus in patients with history of carcinoid syndrome is likely because of loss of statistical power due to censoring, as well as the fact that most secretory NETs (typically midgut) are relatively slow-growing tumors, as opposed to nonsecretory NETs (often lung or colorectal) which are usually more aggressive. It is therefore likely that future guidelines on the use of everolimus in progressive NETs of the gastrointestinal tract and lungs will not make reference to functional status. A more important criterion for selection of patients for treatment with everolimus will be evidence of clinically significant progression. At this time, there are no predictive biomarkers for everolimus. Mutations in mTOR pathway enzymes are observed in approximately 15% of pNETs, but it is unclear whether these are predictive of response. Evidence suggests that upregulation of the mTOR pathway occurs in many NETs lacking identifiable gene mutations [6] . The choice of everolimus versus 177 Lu-DOTATATE versus liver-directed therapy in the second-line setting will depend on various factors including location of metastases, primary site and level of SSTR expression.
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Angiogenesis inhibitors
The oral VEGF tyrosine kinase inhibitor (TKI) sunitinib was studied in a phase II trial consisting of advanced pNETs (66 patients) and extrapancreatic NETs (41 patients). The response rate in the pNET population was 17 versus 2% in the carcinoid tumor population [37] . In a more recent parallel cohort, phase II study, 52 patients with advanced, grade 1-2, pancreatic or extrapancreatic NETs received the TKI pazopanib in combination with octreotide. In the pNET cohort, an ORR of 22% and a median PFS of 14.4 months were reported, whereas no objective responses and a median PFS of 12.2 months were recorded in the carcinoid cohort [38] . These two trials strongly suggest that antiangiogenic TKIs are substantially more active in pancreatic NETs compared with NETs of the gastrointestinal tract and lungs. The only phase III study of a VEGFinhibiting TKI compared sunitinib with placebo in 171 patients with low-grade and intermediate-grade progressive pNETs [39] . A significant improvement in PFS was demonstrated in the investigational arm (11.1 versus 5.5 months; hazard ratio: 0.42; P < 0.001), leading to the approval of sunitinib for advanced pNETs. A randomized cooperative group phase II study comparing pazopanib versus placebo in patients with progressive gastrointestinal/lung NETs is currently open (NCT01841736).
The anti-VEGF mAb bevacizumab has demonstrated antitumor activity in a phase II trial randomizing 44 patients with carcinoid tumors to receive the antiantiogenic agent or pegylated interferon-a (IFN) [40] . However, a follow-up phase III study comparing bevacizumab and octreotide LAR versus IFN and octreotide LAR did not meet its primary endpoint of improvement in PFS [41 & ]. To test the additive or synergistic effects of VEGF signaling blockade and mTOR inhibition, bevacizumab and temsirolimus have been investigated in a multicenter, single-arm, phase II study of 56 patients with progressive pNETs. A remarkable ORR of 41% and a median PFS of 13.2 months were reported, and the most frequent treatment-related adverse events included hypertension, fatigue, lymphopenia and hyperglycemia [42 & ]. Whether improvement in outcomes justifies the added cost and toxicity of the combination therapy, and whether the combination therapy is inherently superior to sequential administration of both agents are still unanswered questions.
At this time, the activity of antiangiogenic agents has been proven only in pNETs. It is likely that activity is present but somewhat diminished in nonpancreatic NETs. A large, placebo-controlled phase III study will be required to demonstrate the impact of an antiangiogenic drug on PFS in NETs of the gastrointestinal tract and lungs. At this time, there are no predictive biomarkers to select patients for this class of drugs; however, tumor vascularity on perfusion CT scan is being investigated as a potential predictive test [43] .
Cytotoxics
Currently, there are no studies comparing cytotoxic drugs versus targeted agents, and few data exist to favor the use of streptozocin -versus temozolomide -versus oxaliplatin-based regimens in NETs. Chemotherapy is deemed more appropriate in patients with high-grade, rapidly progressive, bulky and/or symptomatic tumors. High response rates, ranging from 30 to 70%, have been consistently observed in pNETs, with evidence of modest and negligible activity in foregut and midgut tumors, respectively. Although conventional wisdom holds that targeted agents are more tolerable than cytotoxic drugs, there is no evidence to support this perception [44] . An Eastern Cooperative Oncology Group-sponsored prospective randomized trial of temozolomide alone or in combination with capecitabine is underway in the United States and will provide much-needed prospective data in a large cohort of patients with low-grade or intermediate-grade pNETs (NCT01824875). Another randomized phase II trial is comparing the combination of capecitabine and temozolomide versus cisplatin and etoposide in patients with advanced GEP-NECs (NCT02595424). Results from these studies will hopefully serve as a launch pad for future trials aimed at comparing chemotherapy with other systemic treatments and/or examining the efficacy of different sequencing strategies. Identification and validation of predictive factors is also warranted to appropriately match patients with optimal treatment.
Liver-directed embolization therapies
There is an abundance of retrospective data demonstrating high objective response rates to hepatic arterial embolization or chemoembolization, but few prospective trials [45] . One exception is a prospective clinical trial of bland arterial embolization followed by sunitinib in patients with liver-predominant metastatic NETs. An objective response rate of 72% was reported with a median PFS of 15.2 months [46] . The results from this trial are consistent with retrospective studies suggesting radiographic rates of roughly 30-70%. Symptomatic responses are typically even higher among patients with tumorrelated or secretory symptoms. Thus far, there have been no completed prospective trials comparing different embolization modalities including bland embolizations, chemoembolizations, drug-eluting beads and radioactive spheres (radioembolization). There are also no randomized prospective studies comparing liver-directed therapies with systemic therapies in patients with liver-predominant metastases. Consequently, the choice of liver-directed therapy is based on clinical judgment rather than on high-level evidence. It is likely that the technique is most appropriate in patients with relatively slowgrowing liver-predominant tumors. Although radioembolization appears to be associated with fewer short-term toxicities than bland or chemoembolizations, there are concerns about long-term effects on liver function [1] .
CONCLUSION
Recent advances have not only broadened the therapeutic landscape for patients with NETs, but also generated a multitude of new questions regarding timing, sequencing and selection of treatments. NETs are very diverse tumors that can be categorized clinically by primary site, differentiation, grade, SSTR expression, pattern of metastatic spread, pace of progression and hormone secretion. Increasingly, NETs will also be categorized biologically by mutational pattern and gene-expression profile. However, clinical trials cannot segregate patients into microcategories, and it is increasingly clear that certain treatments are active across a spectrum of disease subtypes. For the foreseeable future, clinical judgment will continue to play a key role in the care of patients with NETs.
